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1. 

CELL TERMINAL SEAL SYSTEMAND 
METHOD 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority from and the benefit of 
U.S. Provisional Application Ser. No. 61/697.539, entitled 
"Radial Cell Terminal Seal—Shrink/Press Fit Ring Design”. 
filed Sep. 6, 2012, which is hereby incorporated by refer 
CCC. 

BACKGROUND 

The invention relates generally to the field of batteries, 
battery modules, and battery systems. More specifically, the 
present disclosure relates to sealing systems and techniques 
for battery cells that may be used particularly in vehicular 
contexts, as well as other energy storage/expending appli 
cations. 

This section is intended to introduce the reader to various 
aspects of art that may be related to various aspects of the 
present disclosure, which are described and/or claimed 
below. This discussion is believed to be helpful in providing 
the reader with background information to facilitate a better 
understanding of the various aspects of the present disclo 
Sure. Accordingly, it should be understood that these state 
ments are to be read in this light, and not as admissions of 
prior art. 
A vehicle that uses one or more battery systems for 

providing all or a portion of the motive power for the vehicle 
can be referred to as an xEV, where the term “xEV' is 
defined herein to include all of the following vehicles, or any 
variations or combinations thereof, that use electric power 
for all or a portion of their vehicular motive force. As will 
be appreciated by those skilled in the art, hybrid electric 
vehicles (HEVs) combine an internal combustion engine 
propulsion system and a battery-powered electric propulsion 
system, such as 48 volt or 130 volt systems. The term HEV 
may include any variation of a hybrid electric vehicle. For 
example, full hybrid systems (FHEVs) may provide motive 
and other electrical power to the vehicle using one or more 
electric motors, using only an internal combustion engine, or 
using both. In contrast, mild hybrid systems (MHEVs) 
disable the internal combustion engine when the vehicle is 
idling and utilize a battery system to continue powering the 
air conditioning unit, radio, or other electronics, as well as 
to restart the engine when propulsion is desired. The mild 
hybrid system may also apply some level of power assist, 
during acceleration for example, to Supplement the internal 
combustion engine. Mild hybrids are typically 96V to 130V 
and recover braking energy through a belt or crank inte 
grated Starter generator. Further, a micro-hybrid electric 
vehicle (mHEV) also uses a “Stop-Start’ system similar to 
the mild hybrids, but the micro-hybrid systems of a mHEV 
may or may not supply power assist to the internal com 
bustion engine and operates at a voltage below 60V. For the 
purposes of the present discussion, it should be noted that 
mHEVs typically do not technically use electric power 
provided directly to the crankshaft or transmission for any 
portion of the motive force of the vehicle, but an mHEV may 
still be considered as anxEV since it does use electric power 
to supplement a vehicle's power needs when the vehicle is 
idling with internal combustion engine disabled and recov 
ers braking energy through an integrated Starter generator. In 
addition, a plug-in electric vehicle (PEV) is any vehicle that 
can be charged from an external source of electricity, Such 
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2 
as wall sockets, and the energy stored in the rechargeable 
battery packs drives or contributes to drive the wheels. PEVs 
are a subcategory of electric vehicles that include all-electric 
or battery electric vehicles (BEVs), plug-in hybrid electric 
vehicles (PHEVs), and electric vehicle conversions of 
hybrid electric vehicles and conventional internal combus 
tion engine vehicles. 

Vehicles using electric power for all or a portion of their 
motive power may provide numerous advantages as com 
pared to traditional vehicles powered by internal combustion 
engines. For example, vehicles using electric power may 
produce fewer pollutants and may exhibit greater fuel effi 
ciency. In some cases, vehicles using electric power may 
eliminate the use of gasoline entirely and derive the entirety 
of their motive force from electric power. As technology 
continues to evolve, there is a need to provide improved 
power sources, particularly battery modules, for Such 
vehicles. For example, it is desirable to minimize the com 
plexity of battery modules to decrease the costs associated 
with manufacturing. It is also desirable to minimize the 
weight and size of the battery modules to keep the vehicle 
lightweight and to provide space for additional vehicle 
components and/or storage. 

Vehicles using electric power for at least a portion of their 
motive force may derive their electric power from multiple 
individual prismatic battery cells packaged into battery 
modules. Such battery cells generally include an electro 
chemical cell that is held within a housing, and positive and 
negative battery terminals extending through the housing to 
carry electrical energy from the battery cell to an outside 
load. Many existing battery cells use a liquid electrolyte to 
facilitate the internal ion flow between electrodes within the 
battery cell. Contamination or escape of the electrolyte from 
the battery cell can cause deteriorated battery performance. 
For this reason, among others, it is desirable to seal indi 
vidual battery cells in a way that protects the components of 
the battery cell while facilitating access to the positive and 
negative battery terminals for connection to the desired load. 

SUMMARY 

Certain disclosed herein are summarized below. These 
embodiments are not intended to limit the scope of the 
disclosure, but rather these embodiments are intended only 
to provide a brief summary of certain disclosed embodi 
ments. Indeed, the present disclosure may encompass a 
variety of forms that may be similar to or different from the 
embodiments set forth below. 

Present embodiments of the disclosure are related to a 
radial cell terminal seal for use in a battery cell. The battery 
cell includes a housing, or battery cell can, and an electro 
chemical cell disposed within the housing. The housing 
includes openings through which battery terminals protrude 
from the electrochemical cell within the housing. Each 
opening in the housing may include an externally disposed 
flange that extends from the housing. A battery terminal 
extends through each flange. The opening through which the 
battery terminal extends is hermetically sealed by way of a 
sealing ring disposed around the flange on the housing. The 
sealing ring may apply a compressive force radially inward 
on the flange. The sealing ring may by thermally shrink fit 
or press fit around the flange to apply the compressive force. 

Embodiments of the present disclosure are also directed to 
a method of manufacture of the battery cell with a radial cell 
terminal seal. More specifically, the sealing ring may be fit 
around the flange before the battery terminal is extended 
through the opening in the housing. The electrochemical cell 
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may be installed into the housing, and each battery terminal 
pulled through a corresponding opening in the housing to 
hermetically seal the opening. The hermetic Seal may be 
generated as an outer Surface of the battery terminal is 
brought into contact with an inner Surface of the flange. In 
some embodiments, the hermetic seal may be established 
through contact between the inner Surface of the flange and 
an insulating gasket disposed around the battery terminal. 
The sealing ring exerts a compressive force inward on the 
flange to maintain the hermetic Seal. 

DRAWINGS 

These and other features, aspects, and advantages of the 
present disclosure will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 

FIG. 1 is a perspective view of an embodiment of a 
vehicle having a battery module to provide power for 
various components of the vehicle: 

FIG. 2 is a cutaway schematic view of an embodiment of 
the vehicle and the battery module of FIG. 1; 

FIG. 3 is a partial exploded perspective view of a battery 
module for use in the vehicle of FIG. 1; 

FIG. 4 is a perspective view of an embodiment of a battery 
cell for use in the battery module of FIG. 3, the battery cell 
having a sealing assembly for sealing an opening in the 
battery cell; 

FIG. 4A is a perspective view of an embodiment of a 
battery terminal and the sealing assembly of FIG. 4 for 
sealing the battery terminal; 

FIG. 5 is a cross sectional view of an embodiment of a 
battery cell for use in the battery module of FIG. 3; 

FIG. 6 is a cross sectional view of another embodiment of 
a battery cell for use in the battery module of FIG. 3; 

FIG. 7 is a cross sectional view of another embodiment of 
a battery cell for use in the battery module of FIG. 3; 

FIG. 8 is a cross sectional view of another embodiment of 
a battery cell for use in the battery module of FIG. 3; 

FIG. 9 is an exploded perspective view of an embodiment 
of the sealing assembly for sealing the opening in the battery 
cell of FIG. 4; 

FIG. 10 is a cross sectional view of an embodiment of the 
sealing assembly for sealing the opening in the battery cell 
of FIG. 4; 

FIG. 11 is a cross sectional view of another embodiment 
of the sealing assembly for sealing the opening in the battery 
cell of FIG. 4; 

FIG. 12 is a process flow diagram of an embodiment of a 
method of manufacture of the battery cell of FIG. 4; 

FIG. 13 is a front view of an embodiment of an electro 
chemical cell being installed into a housing to generate a 
sealed battery cell; 

FIG. 14 is a front view of an embodiment of the electro 
chemical cell installed into the housing of FIG. 8: 

FIG. 15 is a perspective view of an embodiment of a 
mechanism used to install an electrochemical cell into a 
housing to generate a sealed battery cell by grasping the 
battery cell terminals; 

FIG. 16 is a perspective view of the mechanism of FIG. 
15 being used to install the electrochemical cell into the 
housing by pulling the terminals through the battery cell 
housing; and 
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4 
FIG. 17 is a cross sectional view of an embodiment of the 

battery terminal being pulled through the opening of FIG. 4. 

DETAILED DESCRIPTION 

The battery system described herein may be used to 
provide power to various types of electric vehicles and other 
high Voltage energy storage/expending applications (e.g., 
electrical grid power storage systems). Such battery systems 
may include one or more battery modules, each battery 
module having a number of battery cells (e.g., lithium ion 
electrochemical cells) arranged to provide particular Volt 
ages and/or currents useful to power, for example, one or 
more components of an xEV. Each individual battery cell 
may have a housing to protect an electrochemical cell 
disposed within the housing. The electrochemical cell may 
have terminals configured to extend through openings in a 
top portion of the housing Such that the terminals are 
accessible for connection to an intended load. The openings 
in the housing may be hermetically sealed to protect internal 
components of the battery cell and prevent escape of liquid 
electrolyte contained within the housing. 
A number of different sealing assemblies may be used for 

hermetically sealing the openings in the top of the housing 
depending on the desired battery cell. For example, in an 
electrically positive housing assembly, the positive terminal 
may be hermetically sealed in direct contact with the hous 
ing itself, while the negative terminal may be hermetically 
sealed and insulated from the housing via an insulating 
gasket. In other embodiments, the battery cell may have an 
electrically negative housing assembly. To that end, the 
negative terminal may be hermetically sealed in direct 
contact with the housing itself, while the positive terminal 
may be hermetically sealed and insulated from the housing 
via the insulating gasket. Furthermore, a number of different 
assemblies may be used to provide an electrically neutral 
housing assembly. For example, both positive and negative 
terminals may be hermetically sealed in direct contact with 
a plastic, non conductive housing. In other embodiments, 
both positive and negative terminals may be hermetically 
sealed and insulated from a metal, conductive housing via 
the insulating gaskets. 

Each of the aforementioned embodiments utilizes a seal 
ing assembly which may include sealing rings disposed 
around flanges on the housing to provide an inward, com 
pressive force. The terminals of the electrochemical cell may 
be pulled through the openings in the housing in Such a way 
that the inward, compressive force exerted by the sealing 
rings hermetically seals the openings in the top of the 
housing. 

With the foregoing in mind, FIG. 1 is a perspective view 
of an xEV 10 in the form of an automobile (e.g., a car) 
having a battery system 12 in accordance with present 
embodiments for providing a portion of the motive power 
for the vehicle 10, as described above. Although the xEV 10 
may be any of the types of XEVs described above, by 
specific example, the XEV 10 may be a mHEV, including an 
internal combustion engine equipped with a microhybrid 
system which includes a start-stop system that may utilize 
the battery system 12 to power at least one or more acces 
sories (e.g., AC, lights, consoles, etc.), as well as the ignition 
of the internal combustion engine, during start-stop cycles. 

Further, although the XEV 10 is illustrated as a car in FIG. 
1, the type of vehicle may differ in other embodiments, all 
of which are intended to fall within the scope of the present 
disclosure. For example, the xEV 10 may be representative 
of a vehicle including a truck, bus, industrial vehicle, 
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motorcycle, recreational vehicle, boat, or any other type of 
vehicle that may benefit from the use of electric power. 
Additionally, while the battery system 12 is illustrated in 
FIG. 1 as being positioned in the trunk or rear of the vehicle, 
according to other embodiments, the location of the battery 
system 12 may differ. For example, the position of the 
battery system 12 may be selected based on the available 
space within a vehicle, the desired weight balance of the 
vehicle, the location of other components used with the 
battery system 12 (e.g., battery control units, measurement 
electronics, etc.), and a variety of other considerations. 
AnxEV 10 may be an HEV having the battery system 12, 

which includes one or more battery modules 13, as illus 
trated in FIG. 2. In particular, the battery system 12 illus 
trated in FIG. 2 is disposed toward the rear of the vehicle 10 
proximate a fuel tank 14. In other embodiments, the battery 
system 12 may be provided immediately adjacent the fuel 
tank 14, provided in a separate compartment in the rear of 
the vehicle 10 (e.g., a trunk), or provided in another suitable 
location in the HEV 10. Further, as illustrated in FIG. 2, the 
HEV 10 includes an internal combustion engine 16 for times 
when the HEV 10 utilizes gasoline power to propel the 
vehicle 10. The HEV 10 also includes an electric motor 18, 
a power split device 20, and a generator 22 as part of the 
drive system. 

The HEV 10 illustrated in FIG. 2 may be powered or 
driven by the battery system 12 alone, by the combustion 
engine 16 alone, or by both the battery system 12 and the 
combustion engine 16. It should be noted that, in other 
embodiments of the present approach, other types of 
vehicles and configurations for the vehicle drive system may 
be utilized, and that the schematic illustration of FIG. 2 
should not be considered to limit the scope of the subject 
matter described in the present application. According to 
various embodiments, the size, shape, and location of the 
battery system 12 and the type of vehicle, among other 
features, may differ from those shown or described. 
One embodiment of a suitable battery module 13 is 

illustrated in an exploded perspective view in FIG. 3. As 
shown, the battery module 13 includes a plurality of battery 
cells 24 that are contained within a battery module shell 26. 
The battery cells 24 may be, for example, lithium-ion cells, 
nickel-metal-hydride cells, lithium polymer cells, or other 
types of battery cells now known or hereafter developed. 
According to an embodiment, the cells include at least one 
terminal. Such as a positive terminal 28 and/or a negative 
terminal 30, and a relief device, such as a vent 32. 

The battery cells 24 in the illustrated embodiment are 
provided side-by-side (face-to-face) one another Such that a 
face of a first electrochemical cell is adjacent a face of a 
second electrochemical cell (e.g., the cells face one another). 
According to the illustrated embodiment, the cells 24 are 
stacked in an alternating fashion Such that the positive 
terminal 28 of the first cell is provided adjacent the negative 
terminal 30 of the second cell. Likewise, the negative 
terminal 30 of a first cell 24 is provided adjacent a positive 
terminal 28 of a second cell 24. Such an arrangement allows 
for efficient connection of the battery cells 24 in series via 
bus bars. However, the battery cells 24 may be otherwise 
arranged and/or connected (e.g., in parallel, or in a combi 
nation of series and parallel) in other embodiments. 

In the illustrated embodiment, the battery module shell 26 
for the battery module 13 includes a first side bracket 34, a 
second side bracket 36, and a bottom lid 37. The shell 26 
further includes a first end cap 38 and a second end cap 40. 
As shown, the end caps 38 and 40 are secured to the side 
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6 
brackets 34 and 36, respectively, and the bottom lid 41 is 
fixed to the bottom of the assembly. 

According to one embodiment, the battery cells 24 may be 
generally prismatic lithium-ion cells configured to store an 
electrical charge. According to other embodiments, the 
battery cells 24 may have other physical configurations (e.g., 
oval, cylindrical, polygonal, etc.). Additionally, in some 
embodiments, the capacity, size, design, and other features 
of the battery cells 24 may differ from those shown. 
One such embodiment of the aforementioned battery cell 

24 contained within the battery module 13 of FIG. 3 is 
illustrated in FIG. 4. In the illustrated embodiment, the 
battery cell 24 includes an electrochemical cell 42 disposed 
within a housing 44, or battery cell can. The electrochemical 
cell 42 may have two battery terminals, the positive terminal 
28 and the negative terminal 30, for transmitting energy to 
an intended load. An expanded view of the negative terminal 
30 extending from the electrochemical cell 42 and through 
the housing 44 is shown. In the presently illustrated embodi 
ment, a sealing assembly 46 is used to seal the battery cell 
24. The sealing assembly 46 may include an insulating 
gasket 48 (depending on an intended electrical charge of the 
housing 4), a flange 50 disposed on an upper portion, or the 
top 51 of the housing 44, and a sealing ring 52, which exerts 
a compressive force on the flange 50. 
As noted above, the battery cell 24 may or may not 

include insulating gaskets 48 depending on the electrical 
charge desired for the housing. For example, FIGS. 5-8 
show a number of embodiments of sealing assemblies 46 
tailored to the intended electrical orientation of the housing 
44. In FIG. 5, the positive terminal 28 is insulated from the 
housing 44 via an insulating gasket 48, while the negative 
terminal 30 is in direct contact with the housing 44, resulting 
in a negatively charged housing 44. In FIG. 6, the negative 
terminal 30 is insulated from the housing 44 via an insulat 
ing gasket 48, while the positive terminal 28 is in direct 
contact with the housing 44, resulting in a positively charged 
housing 44. In FIG. 7, both the positive terminal 28 and the 
negative terminal 30 are insulated from a metal, conductive 
housing 44 via insulating gaskets 48 Such that the housing 44 
remains neutral. In FIG. 8, the housing 44 is made of a 
plastic material, and thus remains neutral even with both the 
positive terminal 28 and the negative terminal 30 in direct 
contact with the housing 44. 
One particular embodiment of the aforementioned sealing 

assembly 46 is illustrated in FIGS. 9 and 10, wherein the 
illustrated terminal is intended to be electrically insulated 
from the housing 44. In these figures, the assembly is 
centered along an axis 53 that is oriented substantially 
perpendicular to an upper Surface of the housing 44. An 
opening 54 exists in the top 51 of the housing 44 to allow the 
battery terminal (e.g., negative terminal 30) to extend from 
the electrochemical cell 42 through the housing 44 along the 
axis 53, Such that the insulating gasket 48 disposed around 
the negative terminal 30 makes contact with the housing 44 
and insulates the negative terminal 30 from the housing 44. 
As noted above, the illustrated sealing assembly 46 may 
apply to a positive terminal 28 in certain other embodiments 
wherein the positive terminal 28 is intended to be insulated 
from the housing 44. The opening 54 in the sealing assembly 
46 is hermetically sealed via the sealing ring 52, which 
exerts a compressive force on the flange 50 for hermetically 
sealing the opening 54 in the top 51 of the housing 44. 

In other embodiments, as described above, it may be 
desirable for the battery terminal to directly contact an inner 
surface 55 of the flange 50 disposed on the housing 44. The 
absence of the insulating gasket 48 may occur for any 
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number of reasons, as discussed above and illustrated in 
FIGS. 5, 6 and 8. The sealing assembly 46 illustrated in FIG. 
11 shows an embodiment of the terminal which is intended 
to directly contact the housing 44. In this embodiment, the 
battery terminal (e.g. the positive terminal 28) extends from 5 
the electrochemical cell 42 through the opening 54 in the top 
51 of the housing 44. As noted above, the illustrated sealing 
assembly 46 may apply to a negative terminal 30 in certain 
other embodiments wherein the negative terminal 30 is 
intended to make direct contact with the housing 44. In the 10 
illustration, the sealing ring 52 exerts a compressive force on 
the flange 50 for hermetically sealing the opening 54 in the 
top 51 of the housing 44 via direct contact of the positive 
terminal 28 with an inner surface 55 of the housing 44. 

To permit an efficient production of the battery cell 24 that 15 
has at least one terminal making direct contact with the inner 
surface 55 of the flange 50 (e.g. a charged housing 44 
assembly or a neutral, plastic housing 44 assembly as 
discussed above), the battery terminal may include a tapered 
surface 56, as is illustrated in FIG. 11. This may allow a 20 
decreased cross sectional area 57 of the terminal, in this case 
the positive terminal 28, to extend through the housing 44 to 
an intended distance outside of the housing 44 before 
making contact with the inner surface 55 of the flange 50 
disposed around the opening 54 in the housing 44. Further- 25 
more, the opening 54 in the top 51 of the housing 44 may 
include a radius edge or chamfered edge 58 to permit 
acceptance of the positive terminal 28 or negative terminal 
30 and direct the terminal through the opening 54. It should 
also be noted that the tapered surface 56 of the positive 30 
terminal 28 or negative terminal 30 and the chamfered edge 
58 of the opening 54 in the top 51 of the housing 44 may be 
included in other embodiments of the sealing assembly 46 
and the battery cell 24 in general. Such as those including 
one or more insulating gaskets 48. 35 

Along with the various embodiments of the battery cell 24 
having the sealing assembly 46, various techniques may be 
used for producing the battery cell 24 by way of installing 
the electrochemical cell 42 into the housing 44. One such 
technique is illustrated in a method 60 shown in FIG. 12, 40 
with an embodiment illustrating the physical assembly in 
FIGS. 13 and 14. The method 60 involves installing the 
electrochemical cell 42 into the housing 44 and generating 
a hermetic seal for the battery cell 24 assembly. Assembly of 
the housing may involve fitting the compression rings 52 45 
around the flanges 50 disposed on the top 51 of the housing 
44 (or battery can) and around openings 54, as shown in 
block 62. The openings 54 are configured to receive the 
battery terminals 28, 30 of the electrochemical cell 42. 
Assembling the electrochemical cell 42 may involve attach- 50 
ing insulating gasket(s) 48 to one or both of the battery 
terminals 28, 30 extending from the electrochemical cell 42 
as shown in block 64. In the case of the electrically neutral 
housing 44, no insulating gaskets 48 may be used as both 
battery terminals 28, 30 are intended to make direct contact 55 
with the housing 44. In the present method 60, the electro 
chemical cell 42 is inserted through a bottom portion 65 of 
the housing 44 until the battery terminals 28, 30 are acces 
sible by a tool used to grip the battery terminals 28.30, as 
represented in block 66. The battery terminals 28, 30 are 60 
pulled through the openings 54 in the housing 44 to generate 
a hermetic seal, as shown in block 68. In other words, the 
hermetic Seal is generated by pulling the battery terminals 
28, 30 through the openings 54 in the housing 44 until the 
insulating gaskets 48, an outer diameter of the battery 65 
terminals 28, 30, or one of each, makes contact with the 
inner surface 55 of the flanges 50 disposed around the 

8 
openings 54 in the housing 44. The compression rings 52 
exert a compressive force radially inward, indicated by 
arrows 67 to generate the hermetic seal. A bottom cover 69 
may then be fixed (e.g., welded) to the bottom portion 65 of 
the housing 44 to fully enclose the electrochemical cell 42 
within the housing 44, as represented by block 70. 

Certain tools may be used to facilitate the above described 
installation technique. One such sealing tool 72 is illustrated 
in FIGS. 15 and 16, which show an embodiment of the 
battery cell 24 during installation of the electrochemical cell 
42 into the housing 44. A cross sectional illustration of the 
sealing tool 72 in conjunction with a portion of the battery 
cell 24 (i.e. one of the two battery terminals, for example the 
positive terminal 28, and its respective sealing assembly 46) 
is shown in FIG. 17. In this embodiment, the electrochemi 
cal cell 42 is aligned with the housing 44 such that the 
battery terminals 28, 30 are aligned with the openings 54 in 
the housing 44 and are directly accessible by the sealing tool 
72. In one embodiment, the battery terminals 28, 30 may be 
aligned Such that they partially extend through the openings 
54 in the top 51 of the housing 44. The sealing tool 72 grips 
an outer diameter of the battery terminals 28, 30 with clamps 
74. The clamps 74 are tightened around the battery terminals 
28, 30 via turning of a first handle 76. The first handle 76 in 
the illustrated embodiment is turned in a clockwise direction 
78 to tighten the clamps 74 around the battery terminals 28, 
30, although in other embodiments it may be turned in a 
counterclockwise direction to perform the same function. In 
other embodiments, the terminal grips may be tightened via 
a linear clamping mechanism to perform the same function. 
When enough torque is applied on the first handle 76 to 
sufficiently grip the battery terminals 28, 30 with the clamps 
74, the first handle 76 is removed from the clamps 74, 
locking the clamps 74 in a gripping engagement around the 
battery terminals 28, 30. 
The battery terminals 28, 30 are pulled through the 

openings 54 in the housing 44 by turning a second handle 82. 
In this embodiment, the second handle 82 is turned in the 
clockwise direction 78 to pull the battery terminals 28, 30 
through the openings 54 in the housing 44, but in other 
embodiments the second handle 82 may be turned in the 
counterclockwise direction to perform the same function. In 
other embodiments, the terminal pull operation may func 
tion via a linear actuating mechanism. The turning of the 
second handle 82 pulls the battery terminals 28, 30 and the 
accompanying electrochemical cell 42 toward the second 
handle 82. Specifically, the sealing tool 72 pulls the battery 
terminals 28, 30 in a direction parallel to an axis 84, this axis 
84 being aligned with an axis of one of the battery terminal 
posts. The clamps 74 may each include a bracing portion 86 
and a gripping portion 88, as shown in FIG. 17. The bracing 
portion has a surface in a plane perpendicular to the first axis 
84. The clamp 74 may leverage the housing 44 and sealing 
ring 52 against this surface of the bracing portion 86. This 
may maintain the housing 44 and sealing ring 52 in a 
relatively stationary position while the electrochemical cell 
42 and the battery terminals 28, 30 are pulled in the direction 
parallel to the first axis 84. The battery terminals 28, 30 are 
pulled through the openings 54 in the housing 44 until the 
outer diameter of the battery terminals 28, 30, or the 
insulating gaskets 48 disposed around the battery terminals 
28, 30, contact the inner surface 55 of the flanges 50 
disposed around the openings 54 in the housing 44. This 
generates the hermetic Seal as the sealing ring 52 exerts the 
compressive force radially against the flange 50 and thus the 
insulating gasket 48 and the terminal 30. It should be noted 
that other assembly methods are possible for the battery cell 
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24. For example, the sealing assembly 46 may be engaged 
by pressing the sealing ring 52 over the flange 50 after the 
battery terminals 28.30 have already been inserted through 
the openings 54 in the top 51 of the housing 44. 

While only certain features and embodiments of the 
invention have been illustrated and described, many modi 
fications and changes may occur to those skilled in the art 
(e.g., variations in sizes, dimensions, structures, shapes and 
proportions of the various elements, values of parameters, 
etc.) without materially departing from the novel teachings 
and advantages of the Subject matter recited in the claims. 
The order or sequence of any process or method steps may 
be varied or re-sequenced according to alternative embodi 
ments. It is, therefore, to be understood that the appended 
claims are intended to cover all Such modifications and 
changes as fall within the true spirit of the invention. 
Furthermore, in an effort to provide a concise description of 
the exemplary embodiments, all features of an actual imple 
mentation may not have been described (i.e., those unrelated 
to the presently contemplated best mode of carrying out the 
invention, or those unrelated to enabling the claimed inven 
tion). It should be appreciated that in the development of any 
Such actual implementation, as in any engineering or design 
project, numerous implementation specific decisions may be 
made. Such a development effort might be complex and time 
consuming, but would nevertheless be a routine undertaking 
of design, fabrication, and manufacture for those of ordinary 
skill having the benefit of this disclosure, without undue 
experimentation. 
What is claimed is: 
1. A battery module, comprising: 
a battery cell assembly, comprising: 

a housing having a wall, an opening opposite to the 
wall, and a volume defined by the housing between 
the wall and the opening opposite to the wall, 
wherein the volume is sufficient to receive an 
entirety of a body of an electrochemical cell, wherein 
the wall comprises a first flanged opening and a 
second flanged opening, and wherein the opening is 
configured to be sealed by a cover, 

the electrochemical cell disposed in the housing Such 
that the body is completely within the volume, the 
electrochemical cell having a first terminal and a 
second terminal, the first terminal extending through 
the first flanged opening and the second terminal 
extending through the second flanged opening; and 

a first sealing ring disposed around the first flanged 
opening to exert a compressive force for hermeti 
cally sealing the first flanged opening and a second 
sealing ring disposed around the second flanged 
opening to exert a compressive force for hermeti 
cally sealing the second flanged opening; 

wherein the housing comprises a nonconductive mate 
rial, the first terminal is in direct contact with the first 
flanged opening, and the second terminal is in direct 
contact with the second flanged opening. 

2. The battery module of claim 1, wherein the first and 
second sealing rings are press fit around the first and second 
flanged openings, respectively. 

3. The battery module of claim 1, wherein the first and 
second sealing rings are thermally shrink fit around the first 
and second flanged openings, respectively. 

4. The battery module of claim 1, wherein the first and 
second sealing rings comprise a metallic material. 

5. The battery module of claim 1, wherein the first 
terminal extends away from the electrochemical cell along 
an axis and the first sealing ring disposed around the first 
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flanged opening exerts a compressive force radially toward 
and Substantially perpendicular to the axis. 

6. A method of manufacturing a battery cell assembly, 
comprising: 

forming an electrically nonconductive housing having a 
wall, an opening opposite to the wall, and a volume 
defined by the electrically nonconductive housing 
between the wall and the opening opposite to the wall, 
wherein the volume is sufficient to receive an entirety 
of a body of an electrochemical cell; 

forming a first flanged opening and a second flanged 
opening in the wall of the electrically nonconductive 
housing, wherein the first and second flanged openings 
are configured to receive first and second terminals of 
the electrochemical cell; 

fitting a first sealing ring around the first flanged opening 
Such that the first sealing ring exerts a compressive 
force on the first flanged opening to hermetically seal 
the first flanged opening around the first terminal; 

fitting a second sealing ring around the second flanged 
opening Such that the second sealing ring exerts a 
compressive force on the second flanged opening to 
hermetically seal the second flanged opening around 
the second terminal; and 

disposing an electrochemical cell through the opening of 
the electrically nonconductive housing Such that the 
first terminal of the electrochemical cell directly con 
tacts the first flanged opening, and Such that the second 
terminal of the electrochemical cell directly contacts 
the second flanged opening. 

7. The method of claim 6, comprising: 
gripping a first Surface of the first terminal having a first 

outer diameter Smaller than an inner diameter of an 
inner Surface of the first flanged opening; and 

pulling the first terminal through the first flanged opening 
in the wall of the electrically nonconductive housing 
until a second surface of the first terminal having a 
second outer diameter equal to or greater than the inner 
diameter of the first flanged opening makes contact 
with the inner Surface of the first flanged opening to 
facilitate the hermetic seal. 

8. The method of claim 6, comprising positioning an 
insulating gasket around the first terminal between the first 
terminal and an inner Surface of the first flanged opening. 

9. A battery module, comprising: 
a battery cell assembly, comprising: 

a housing having a wall, an opening opposite to the 
wall, and a volume defined by the housing between 
the wall and the opening opposite to the wall, 
wherein the volume is sufficient to receive an 
entirety of a body of an electrochemical cell, wherein 
the wall comprises a first flanged opening and a 
second flanged opening, and wherein the opening is 
configured to be sealed by a cover, 

the electrochemical cell disposed in the housing Such 
that the body is completely within the volume, the 
electrochemical cell having a first terminal and a 
second terminal, the first terminal extending through 
the first flanged opening and the second terminal 
extending through the second flanged opening; and 

a first sealing ring disposed around the first flanged 
opening to exert a compressive force for hermeti 
cally sealing the first flanged opening and a second 
sealing ring disposed around the second flanged 
opening to exert a compressive force for hermeti 
cally sealing the second flanged opening; 
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wherein the housing is electrically conductive, the first 
terminal is in direct contact with the first flanged 
opening, and the second terminal is electrically insu 
lated from the second flanged opening via an insu 
lating gasket disposed between the second terminal 5 
and the second flanged opening. 

10. The battery module of claim 9, wherein the first and 
second sealing rings are press fit around the first and second 
flanged openings, respectively. 

11. The battery module of claim 9, wherein the first and 10 
second sealing rings are thermally shrink fit around the first 
and second flanged openings, respectively. 

12. The battery module of claim 9, wherein the first and 
second sealing rings comprise a metallic material. 

13. The battery module of claim 9, wherein the first 15 
terminal extends away from the electrochemical cell along 
an axis and the first sealing ring disposed around the first 
flanged opening exerts a compressive force radially toward 
and Substantially perpendicular to the axis. 

14. The battery module of claim 9, wherein the first 20 
terminal is a positive terminal, the second terminal is a 
negative terminal, and the housing has a positive electrical 
charge. 

15. The battery module of claim 9, wherein the first 
terminal is a negative terminal, the second terminal is a 25 
positive terminal, and the housing has a negative charge. 

k k k k k 


